Abstract. Arctic sea ice decrease in extent in recent decades has been linked to sea surface 25 temperature (SST) anomalies in the North Pacific Ocean. In this study, we assess the relative 26 contributions of the two leading modes in the North Pacific SST anomalies representing external 27 forcing related to global warming and internal forcing related to Pacific Decadal Oscillation (PDO) 28 to the Arctic sea ice loss in boreal summer and autumn. For the 1979-2017 period, the time series 29 of the global warming and PDO modes show significant positive and negative trends, respectively. 30
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The global warming mode accounts for 44.9% and 50.1% of the Arctic sea ice loss in boreal 31 summer and autumn during this period, compared to the 20.0% and 22.2% from the PDO mode. 32
There is also a seasonal difference in the response of atmospheric circulations to the two modes. 33
The PDO mode excites a wavetrain from the North Pacific to the Arctic; the wavetrain is not seen 34 in the response of atmospheric circulation to the global warming mode. Both dynamic and 35 thermodynamic forcings work in the relationship of atmospheric circulation and sea ice anomalies. 
Introduction 47
Accompanying the abrupt Arctic warming, Arctic sea ice has exhibited a sharp decline trend 48 in recent decades. To explain the Arctic sea ice loss, researchers have proposed a variety of 49 feedback mechanisms, including ice-albedo feedback (Flanner et al., 2011) , water vapor and 50 cloud-radiative feedback (Sedlar et al., 2011) , and atmospheric lapse-rate feedback (Bintanja et al. 51 2011; Pithan and Mauritsen, 2014) . These feedback mechanisms exert effects on Arctic sea ice in 52 the context of the changes in both the anthropogenic forcing and the large-scale circulations. In 53 this study, we assess the impacts of these two factors on Arctic sea ice loss. 54
The anthropogenic factor mainly includes greenhouse gas and aerosol emissions. The 55 increase in greenhouse gas concentrations and the overall decrease in aerosol emissions have been 56 linked to the observed Arctic sea ice loss (Min et al., 2008; Notz and Marotzke, 2012; Gagné et al. 57 2015) . The natural factor, mainly changes of large-scale atmospheric and oceanic circulations, has 58 also contributed to the Arctic sea ice decline. The decrease in Arctic sea ice extent has been linked 59 to a positive trend in the North Atlantic Oscillation (NAO) (Deser et al., 2000) , the Arctic 60 Oscillation (AO) (Rigor et al., 2002) and the Arctic Dipole (AD) (Wang et al. 2009 ) indices. The 61 multidecadal variability of sea surface temperature (SST) in the North Pacific and Atlantic Oceans 62 referred to as the Pacific Decadal Oscillation (PDO, Mantua et al., 1997) 
and the Atlantic 63
Multidecadal oscillation (AMO, Enfield, 2001 ) also have a strong influence on Arctic sea ice by 64 affecting atmospheric circulation and oceanic heat transfer (Woodgate et al., 2012; Ding et al., 65 2014; Yu et al., 2017; Zhang, 2015) . 66
It is difficult to separate the contributions of natural (internal) and anthropogenic (external) 67 forcings to the Arctic sea ice decline. General circulation models (GCM) have been applied to 68
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contribute to the warming trend. The PDO indices (http://research.jisao.washington.edu/pdo) show 113 statistically significant negative trends of -0.0293 (p < 0.05) and -0.0261 yr -1 (p < 0.1) respectively 114 for boreal summer and autumn (Figure 1c and 1d) . Siberian Seas, anomalous northerly winds also generate significant cooling and sea ice increase. 210
The anomalous high moves from Bering Strait to the Gulf of Alaska, which limits the warming 211 into the Arctic Ocean. Thus the Pacific sector of the Arctic shows a cooling tendency and 212 increasing sea ice concentration. Similar to the global warming mode, the PDO mode also shows a 213 seasonal feature in its effect on atmospheric circulation and sea ice with more significant influence 214 in autumn than summer. The response of atmospheric circulation to the PDO mode shows a more 215 barotropic structure than the response to the global warming mode. 216 217
Discussion and Conclusions 218
Following the suggestion that the North Pacific SST anomalies play an important role in the 219 melt season Arctic sea ice loss (Yu and Zhong, 2018) , the current study further assesses the 220 relative contribution of the two leading EOF modes in SST variability, representing the global 221 warming (external) and PDO (internal) modes, to the trends in Arctic sea ice in boreal summer and 222
The PDO mode contributes to slightly more than 20% of the Arctic sea ice loss in summer and autumn 245 and thus total contribution from internal factors must exceed 20%. 246
In addition to PDO, the AMO mode is also found to be important to the Arctic sea ice loss 247 through its effect on oceanic and atmospheric heat transport (Yu et al., 2017; Zhang, 2015) . 
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